All relevant data are within the paper and its Supporting Information files.

Background {#sec005}
==========

Chronic obstructive pulmonary disease (COPD), a common disease that is increasing in prevalence, is characterized by persistent respiratory symptoms and chronic airflow limitation \[[@pone.0227141.ref001]\]. Worldwide, COPD is the third leading cause of death, and mortality continues to rise \[[@pone.0227141.ref002]\]. The chronic airflow limitation in COPD is caused by a mixture of small airway disease and parenchymal destruction, which leads to multiple COPD phenotypes. For example, the classical phenotype is emphysema/chronic bronchitis, and other phenotypes are frequent-exacerbator/non-exacerbator \[[@pone.0227141.ref003], [@pone.0227141.ref004]\]. Recently, "asthma- COPD overlap" (ACO) has been recognized in clinical practice. A joint project of the Global Initiative for Asthma (GINA) and the Global Initiative for Chronic Obstructive Lung Disease (GOLD) published a consensus on ACO \[[@pone.0227141.ref005]\]. The prevalence of ACO has been reported to be between 13% and 55% \[[@pone.0227141.ref006]\]. It has not been defined definitively, and previous studies have used multiple different diagnostic criteria. The asthmatic components for the diagnosis of ACO include history of asthma; asthma-like symptoms, positive bronchodilator test, blood eosinophilia, high total IgE, and/or atopy etc. \[[@pone.0227141.ref006]--[@pone.0227141.ref008]\]. GINA/GOLD applies a stepwise approach for the diagnosis of ACO, in which each characteristic of COPD and asthma are assessed. However, some patients with COPD have asthma-like features \[[@pone.0227141.ref009]\], even if they are not diagnosed as ACO. COPD with asthma-like features is a clinical phenotype of COPD and this phenotype is associated to individualized treatment \[[@pone.0227141.ref009]--[@pone.0227141.ref011]\].

Recently, multi-detector computed tomography (MDCT) has been used to evaluate structural changes in the lung. The loss of lung tissue associated with emphysema is detected as low-attenuation areas (LAA) on CT scans \[[@pone.0227141.ref012]\]. LAA percentage (LAA%) in patients with COPD is higher than in normal subjects \[[@pone.0227141.ref013]\], and correlates with COPD mortality independently of pulmonary function tests \[[@pone.0227141.ref014]\]. Airway wall thickening can also be measured using CT. Nakano et al. found that wall thickening in the apical bronchus of the right upper lobe correlated significantly with FEV~1~ in patients with COPD \[[@pone.0227141.ref015]\]. The inner luminal area (Ai) and the wall thickness (wall area percentage, WA%) were measured at the third- to the sixth-generation airways. These indices correlated significantly with airflow limitation, and such correlations were more closely related to the distal than the proximal airways \[[@pone.0227141.ref016]\]. Moreover, chronic respiratory symptoms were positively associated with WA% in airways with a luminal diameter between 5 and 10 mm \[[@pone.0227141.ref017]\]. Recently, several studies have used a novel CT marker to evaluate the area of small pulmonary vessels, the percentage of small pulmonary vessels (%CSA). The %CSA\<5 reflects pulmonary vascular alteration and correlates with airflow limitation, the extent of emphysema, and pulmonary hypertension in patients with COPD \[[@pone.0227141.ref018], [@pone.0227141.ref019]\].

Although there are many longitudinal studies on health status and lung function in COPD \[[@pone.0227141.ref020]\], longitudinal structural changes in COPD with asthma-like features have not been fully investigated. Several studies have been performed in patients with emphysema \[[@pone.0227141.ref021], [@pone.0227141.ref022]\], but there are few reports on changes in airway \[[@pone.0227141.ref023]\] or vascular remodeling \[[@pone.0227141.ref024]\]. The structural characteristics of ACO and COPD are different. Hardin et al. reported that patients with ACO had less emphysema and greater airway wall thickness compared to patients with COPD \[[@pone.0227141.ref025]\]. We previously examined longitudinal structural changes in COPD patients and found that WA% at the distal bronchi and %CSA\<5 did not change in parallel with LAA \[[@pone.0227141.ref026]\]. However, differences in longitudinal structural changes between the patients with COPD versus those with COPD with asthma-like features have not been fully elucidated.

The recognition of COPD with asthma-like features by the assessment of their structural characteristics may provide essential information for individualized management of patients with COPD. The present study aimed to investigate the longitudinal structural changes in patients with COPD with asthma-like features using MDCT. Such changes include changes in pulmonary emphysema, airway disease, and pulmonary vascular alteration. This study also aimed to evaluate the differences in structural abnormalities between COPD patients and patients with COPD with asthma-like features.

Materials and methods {#sec006}
=====================

Subjects {#sec007}
--------

This prospective observational study enrolled 137 patients who presented to Chiba University Hospital from June 2010 to August 2016 for management of COPD. Patients were excluded if they had abnormal lung parenchymal lesions other than emphysematous change. At enrollment, 10 patients were excluded for the following reasons: 4 interstitial pneumonia, 1 infectious pneumonia, 1 old pulmonary tuberculosis, and 4 lung cancer or nodules. At the follow up period, 15 patients were excluded: 6 interstitial pneumonia, 2 infectious pneumonia, 3 lung cancer or nodules, 2 cardiac failure, and 2 pleural effusion. Finally, 50 patients with COPD and 29 patients with COPD with asthma-like features were enrolled in the study ([Fig 1](#pone.0227141.g001){ref-type="fig"}). The diagnosis of COPD was based on chronic respiratory symptoms, with smoking history, physical examination and results of spirometry according to the American Thoracic Society (ATS) and European Respiratory Society (ERS) recommendations \[[@pone.0227141.ref027]\]. Pulmonary function tests (PFTs) were performed with a Fudac-60 (Fukuda Denshi; Tokyo, Japan). Spirometric measurements included forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV~1~), which were expressed as their predicted values based on the Japanese Respiratory Society (JRS) guidelines \[[@pone.0227141.ref028]\].

![Flow chart of the study participants.](pone.0227141.g001){#pone.0227141.g001}

In this study, patients with COPD who experienced asthma symptoms (episodes of breathlessness, wheezing, cough, and chest tightness that were worse at night or in the early morning), bronchodilator reversibility (improvement greater than or equal to 200ml and 12% increase in FEV~1~ compared to pre-bronchodilator data), blood eosinophils \>5% or 300/ml, high levels of serum IgE, and/or history of allergic rhinitis were diagnosed with COPD with asthma-like features, in accordance with GINA and GOLD guidelines \[[@pone.0227141.ref005]\].

Patients underwent a COPD assessment test (CAT), PFTs and MDCT at the time of enrollment and two years later. Exacerbations were defined as a deterioration of respiratory symptoms that required antibiotics, systemic steroids and/or hospital admission \[[@pone.0227141.ref022]\].

The Ethics Committee of the Chiba University School of Medicine approved the study protocol (approval number: 857). Written informed consent was obtained from all study participants.

MDCT scanning {#sec008}
-------------

All patients were scanned with a 64-MDCT scanner (Aquillion ONE, Toshiba Medical Systems; Tokyo, Japan) from the thoracic inlet to the diaphragm while at full inspiration. None received contrast medium. The scan was carried out with the following settings: 0.5-mm collimation; 120kV; auto-exposure control; gantry rotation time of 0.5 seconds; and beam pitch of 0.83. All images were reconstructed using standard reconstruction algorithms with a slice thickness of 0.5 mm and a reconstruction interval of 0.5 mm. The voxel size was 0.63×0.63×0.5 mm.

MDCT measurements {#sec009}
-----------------

For the measurements of LAA and CSA, we selected three CT slices, which were taken at 1 cm above the upper margin of the aortic arch (upper lung fields), 1 cm below the carina (middle lung fields), and 1 cm below the right inferior pulmonary vein (lower lung fields) \[[@pone.0227141.ref018]\]. These CT images were analyzed using ImageJ software, Version 1.44 ([imagej.nih.gov/ij/download/](http://imagej.nih.gov/ij/download/)).

LAA measurements were conducted as follows: The threshold technique for the total lung area (TLA) was adopted between -500 and -1024 Hounsfield units (HU). Since LAA was detected with an attenuation of -950 HU, images were converted into binary images with a window level of -950 HU. The range of circularity was set from 0 to infinity. With these settings, the LAA was automatically calculated. The LAAs of each lung field were summed, and the average of these values was determined.

CSA measurements were conducted as follows: The threshold technique for the total lung field was adopted between -500 and -1024 HU. Segmented images were converted into binary images with a window level of -720 HU. The range of circularity was set from 0.9 to 1.0 using the \"analyze particles\" function of the ImageJ software. With these settings, the CSA was measured separately by the size of each vessel (less than 5 mm^2^; CSA\<5). The CSAs of each lung field were summed, and the average of these values was determined. The percentage of CSA\<5 (%CSA\<5), and LAA (%LAA) in the TLA were calculated.

We used the free open-source software Airway Inspector (Brigham and Women's Hospital) for the measurements of WA%. WA% measurements were conducted according to the method of Yamashiro et al. \[[@pone.0227141.ref029]\]. We identified the third and fifth generations of the B1 and B10 bronchi in the right lung. The measured point was peripherally next to the branching points in each generation. Ai and the outer area of the bronchus (Ao) were measured semiautomatically with the full-width at half-maximum method of the software. The WA% was defined with the equation WA% = 100 (Ao---Ai) / Ao. The MDCT measurements were evaluated independently by two pulmonologists (RA and YM). All data were anonymized and the observers were blinded to other characteristics of the subjects when the imaging analyses were performed.

Statistical analysis {#sec010}
--------------------

JMP 13.0 software was used for all statistical analyses (SAS Institute, Cary, NC), with the results expressed as mean (± SD) unless otherwise indicated. Comparisons of longitudinal changes in CT parameters, PFTs, and CAT scores between enrollment and follow-up in each group were performed using the Wilcoxon signed-rank test. Comparisons were performed with a chi-square test for categorical variables. Differences in the data between the patients with COPD and COPD with asthma-like features were performed with the Mann-Whitney *U* test. For all statistical analyses, the level of significance was set at p \<0.05.

Results {#sec011}
=======

Patient characteristics {#sec012}
-----------------------

The clinical characteristics of the patients are presented in [Table 1](#pone.0227141.t001){ref-type="table"}. There were 50 patients with COPD (44 men and 6 women; mean age, 70.1 ± 6.9 years) and 29 patients with COPD with asthma-like features (23 men and 6 women; mean age, 67.9 ± 8.5 years). There were no differences between the two groups in age, sex, percentage of ex/current smokers, smoking history or body mass index. All of the patients with COPD with asthma-like features met the criteria for asthma symptoms, whereas 9 (31%) had bronchodilator reversibility, 17 (59%) had blood eosinophilia, 13 (45%) had high levels of serum IgE, and 2 (7%) had a history of allergic rhinitis. The number of patients in each GOLD stage were as follows: COPD group: stage I, n = 13 (26%); stage II, n = 27 (54%); stage III, n = 7 (14%); stage IV, n = 3 (6%); COPD with asthma- like features group: stage I, n = 3 (10.3%); stage II, n = 12 (41.4%); stage III, n = 11 (38%); stage IV, n = 3 (10.3%). The COPD with asthma-like features group contained more patients with severe GOLD stage disease (*P* = 0.048), and the frequency of exacerbation tended to be higher in the group with COPD with asthma-like features (COPD vs asthma-like features: 1.4 ± 1.0 vs 3.1 ± 3.8, *P* = 0.0617). Additionally, the number of patients who received COPD treatment at enrollment and two years later was higher in the COPD with asthma-like features group (COPD vs asthma-like features: at enrollment 30% vs 89.7%, *P* \< 0.0001, 2 years later 64.0% vs 96.6%, *P* = 0.0003).

10.1371/journal.pone.0227141.t001

###### Characteristics of patients with COPD with and without asthma-like features.

![](pone.0227141.t001){#pone.0227141.t001g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------
                                          COPD\                                    COPD with asthma-like features\                   *P* value\
                                          Mean (±SD)\                              Mean (±SD)\                                       (between groups)
                                          n = 50                                   n = 29                                            
  --------------------------------------- ---------------------------------------- ------------------------------------------------- ------------------
  Age (years)                             70.1 ± 6.9                               67.9 ± 8.5                                        NS

  Sex (male/female)                       44 (88%) / 6 (12%)                       23 (79.3%) / 6 (20.7%)                            NS

  Ex-smokers/Current smokers              40 (80%) / 10 (20%)                      27 (93.1%) / 2 (6.9%)                             NS

  Smoking history (pack-years)            56.0 ± 30.7                              57.8 ± 44.5                                       NS

  BMI (kg/m^2^)                           23.8 ± 3.0                               22.7 ± 3.4                                        NS

  GOLD classification\                    13 (26%) / 27 (54%) / 7 (14%) / 3 (6%)   3 (10.3%) / 12 (41.4%) / 11 (38.0%) / 3 (10.3%)   0.048
  (I/II/III/IV)                                                                                                                      

  Exacerbations (+/-)                     12 (24%) / 38 (76%)                      9 (31.0%) / 20 (69.0%)                            NS

  Exacerbations per 1 year                0.8 ± 0.5                                1.6 ± 1.9                                         NS

  COPD Treatment (Yes/No)\                15 (30%) / 35 (70%)                      26 (89.7%) / 3 (10.3%)                            \< 0.0001
  at enrollment                                                                                                                      

  LAMA                                    15 (30%)                                 16 (55.2%)                                        

  LABA                                    1 (2%)                                   8 (27.6%)                                         

  ICS                                     0 (0%)                                   1 (3.4%)                                          

  ICS/LABA                                4 (8%)                                   14 (48.3%)                                        

  LAMA/LABA                               0 (0%)                                   2 (6.9%)                                          

  COPD Treatment (Yes/No) after 2 years   32 (64%) / 18 (36%)                      28 (96.6%) / 1 (3.4%)                             0.0003

  LAMA                                    27 (54%)                                 20 (69.0%)                                        

  LABA                                    8 (16%)                                  6 (20.7%)                                         

  ICS                                     0 (0%)                                   7 (24.1%)                                         

  ICS/LABA                                13 (26%)                                 14 (48.3%)                                        

  LAMA/LABA                               0 (0%)                                   3 (10.3%)                                         
  -----------------------------------------------------------------------------------------------------------------------------------------------------

BMI, body mass index; LAMA, long-acting muscarinic antagonist; LABA, long-acting β-agonist; ICS, inhaled corticosteroids; SD, standard deviation; NS, not significant

CAT score and PFTs {#sec013}
------------------

The CAT score, FEV~1~, and FEV~1~%predicted did not significantly change during the follow-up period in either group (Tables [2](#pone.0227141.t002){ref-type="table"} and [3](#pone.0227141.t003){ref-type="table"}).

10.1371/journal.pone.0227141.t002

###### Longitudinal changes in CAT score, PFTs, and CT measurements.

![](pone.0227141.t002){#pone.0227141.t002g}

  -------------------------------------------------------------------------------------------------------------------------------------------------
                          COPD\          2-Year Follow-up\   *P* value\       COPD with asthma-likefeatures\   2-Year Follow-up\   *P* value\
                          Baseline\      Mean (±SD)          (within group)   Baseline\                        Mean (±SD)          (within group)
                          Mean (±SD)                                          Mean (±SD)                                           
  ----------------------- -------------- ------------------- ---------------- -------------------------------- ------------------- ----------------
  CAT score               8.7 ± 6.5      8.6 ± 7.1           NS               9.4 ± 7.0                        10.6 ± 7.4          NS

  FVC (L)                 3.15 ± 0.72    3.19 ± 0.77         NS               3.01 ± 0.91                      2.96 ± 0.86         NS

  FEV~1~ (L)              1.83 ± 0.61    1.81 ± 0.62         NS               1.45 ± 0.55                      1.41 ± 0.56         NS

  FEV~1~/FVC (%)          57.5 ± 11.8    55.9 ± 11.5         0.0381           48.2 ± 11.0                      47.5 ± 11.7         NS

  FEV~1~% predicted (%)   67.9 ± 19.8    69.0 ± 21.3         NS               53.6 ± 17.7                      53.9 ± 19.3         NS

  V50/V25                 3.7 ± 1.2      4.1 ± 1.6           0.0217           3.3 ± 1.3                        3.3 ± 1.5           NS

  TLA (mm^2^)             22272 ± 3091   22131 ± 3277        NS               22841 ± 4620                     22823 ± 4824        NS

  LAA (mm^2^)             1648 ± 2709    2144 ± 3100         \< 0.0001        2787 ± 3606                      3626 ± 4139         \< 0.0001

  LAA% (%)                6.8 ± 10.4     8.8 ± 11.7          \< 0.0001        10.8 ± 13.0                      14.1 ± 14.6         \< 0.0001

  CSA\<5 (mm^2^)          157.0 ± 34.2   168.9 ± 39.7        0.0047           164.2 ± 33.4                     147.7 ± 27.1        0.0034

  %CSA\<5 (%)             0.72 ± 0.19    0.78 ± 0.21         0.0074           0.77 ± 0.22                      0.70 ± 0.21         0.0148

  B1 WA%                                                                                                                           

  Third                   72.5 ± 7.2     72.0 ± 6.4          NS               71.0 ± 6.6                       70.9 ± 9.0          NS

  Fifth                   83.9 ± 4.7     83.0 ± 4.6          NS               84.9 ± 4.1                       83.6 ± 7.1          NS

  B10 WA%                                                                                                                          

  Third                   71.4 ± 7.0     69.6 ± 6.7          NS               70.7 ± 7.5                       71.1 ± 6.8          NS

  Fifth                   83.8 ± 3.8     80.9 ± 6.2          0.0004           82.8 ± 4.8                       82.5 ± 4.7          NS

  Mean WA%                                                                                                                         

  Third                   72.2 ± 6.1     70.9 ± 4.8          NS               70.9 ± 5.6                       71.2 ± 6.5          NS

  Fifth                   83.9 ± 3.2     82.0 ± 4.6          0.0043           83.9 ± 3.5                       83.2 ± 4.0          NS
  -------------------------------------------------------------------------------------------------------------------------------------------------

CAT score, COPD assessment test score; PFTs, pulmonary function tests; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; V50/V25, forced expiratory flow at 50% vital capacity and forced expiratory flow at 25% vital capacity; TLA, total lung area; LAA, low-attenuation area; CSA\<5, the cross-sectional area of pulmonary vessels \<5 mm^2^; WA%, wall area percentage; SD, standard deviation; NS, not significant

10.1371/journal.pone.0227141.t003

###### Annual changes in CAT score, PFTs, and CT measurements: Intra- and inter-group comparisons between patients with COPD with and without asthma-like features.

![](pone.0227141.t003){#pone.0227141.t003g}

  -----------------------------------------------------------------------------------------------------------------
                          COPD             COPD with asthma-like features   *P* value\                     
                                                                            (between groups)               
  ----------------------- ---------------- -------------------------------- ------------------ ----------- --------
  CAT score               -0.1 ± 3.0       NS                               0.3 ± 1.8          NS          NS

  FEV~1~ (L)              -0.01 ± 0.11     NS                               -0.02 ± 0.08       NS          NS

  FEV~1~% predicted (%)   0.010 ± 0.086    NS                               -0.001 ± 0.054     NS          NS

  LAA% (%)                0.83 ± 1.72      \< 0.0001                        0.40 ± 0.53        \< 0.0001   NS

  %CSA\<5 (%)             0.051 ± 0.104    0.0074                           -0.035 ± 0.094     0.0148      0.0007

  Mean WA% (%)                                                                                             

  Third                   -0.007 ± 0.037   NS                               0.002 ± 0.027      NS          NS

  Fifth                   -0.011 ± 0.025   0.0043                           -0.004 ± 0.021     NS          NS
  -----------------------------------------------------------------------------------------------------------------

CAT score, COPD assessment test score; PFTs, pulmonary function tests; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; LAA, low-attenuation area; CSA\<5, cross-sectional area of pulmonary vessels \<5 mm^2^; WA%, wall area percentage; NS, not significant.

The data are expressed as mean ± standard deviation.

The difference in CAT score was calculated by subtracting the value measured after 2 years from that measured at enrollment.

The difference in FEV~1~ (L) was calculated by subtracting the value measured after 2 years from that measured at enrollment.

The difference in FEV~1~% predicted (%) and the CT parameters (%) were calculated as follows: subtraction of the value measured after 2 years from that measured at enrollment, divided by the value at enrollment.

CT parameters {#sec014}
-------------

The CT parameters measured at enrollment and follow-up CT scans are shown in [Table 2](#pone.0227141.t002){ref-type="table"}, while the annual changes in CT measurements are shown in [Table 3](#pone.0227141.t003){ref-type="table"}. [Fig 2](#pone.0227141.g002){ref-type="fig"} shows the changes in radiological parameters over two years of follow- up. There was no significant difference in all the CT parameters including LAA%, CSA\<5, and WA% at enrollment between the two groups. LAA and LAA% significantly increased in both groups during the follow-up period (COPD: baseline vs two years later: 6.8 ± 10.4% vs 8.8 ± 11.7%, *P* \< 0.0001. COPD with asthma-like features: baseline vs two years later: 10.8 ± 13.0% vs 14.1 ± 14.6%, *P* \< 0.0001). TLA did not significantly change. The CSA\<5 and %CSA\<5 slightly but significantly increased in the COPD group (baseline vs two years later: 0.72 ± 0.19% vs 0.78 ± 0.21%, *P* = 0.0074). In contrast, the CSA\<5 and %CSA\<5 significantly decreased in the COPD with asthma-like features group (baseline vs two years later: 0.77 ± 0.22% vs 0.70 ± 0.21%, *P* = 0.0148). The annual changes in %CSA\<5 were significantly different between the two groups (COPD vs asthma-like features: 0.051 ± 0.104 vs -0.035 ± 0.094, *P* = 0.0007).On the other hand, the mean WA% at the distal bronchi significantly decreased in the COPD group (baseline vs two years later: 83.9 ± 3.2% vs 82.0 ± 4.6%, *P* = 0.0043), while the WA% in the COPD with asthma-like features group did not significantly change during the follow-up period (baseline vs two years later: 83.9 ± 3.5% vs 83.2 ± 4.0%, not significant). The annual changes in mean fifth WA% were not significantly different between the two groups (COPD vs asthma-like features: -0.011 ± 0.025 vs -0.004 ± 0.021, *P* = 0.1352).

![Changes in radiological parameters over two years of follow-up.\
Notes: Radiological parameters were compared between enrollment and two-year follow-up with the Wilcoxon signed-rank test. WA% shows the mean wall area percentage at the 5th generation of bronchi. The thick horizontal bars at the sides of each graph show the median, while the thin horizontal bars at the sides of each graph show the interquartile range. Abbreviations: ALF, asthma-like features; LAA, low-attenuation area; CSA\<5, the cross-sectional area of pulmonary vessels \< 5 mm^2^; WA%, wall area percentage; NS, not significant.](pone.0227141.g002){#pone.0227141.g002}

Discussion {#sec015}
==========

This is the first report of longitudinal morphological changes, including parameters of emphysema, airway wall thickness, and vascularity, in COPD with asthma-like features. The key findings of our study were as follows. First, emphysematous features (LAA%) significantly increased in both groups. Second, longitudinal changes in the percentage of small pulmonary vessels (%CSA\<5) differed between COPD with asthma-like features and COPD alone. Among patients with COPD with asthma-like features, %CSA\<5 significantly decreased during the two years of follow-up. In contrast, %CSA\<5 significantly increased in patients with COPD alone. Third, we observed a slight but significant decrease in WA% in patients with COPD alone, although there was no significant change in WA% in patients with COPD with asthma-like features during the study period.

LAA% is recognized as an index of the extent of emphysema \[[@pone.0227141.ref012]\]. Emphysema is the main pathological lesion in COPD and is usually caused by tobacco smoke \[[@pone.0227141.ref001]\]. It is well known that LAA% gradually increases over time in COPD patients \[[@pone.0227141.ref030]\]. Patients with ACO have less severe emphysema than patients with COPD alone \[[@pone.0227141.ref025], [@pone.0227141.ref031]\]. Although there are a few reports on the cross-sectional structural characteristics of ACO \[[@pone.0227141.ref008], [@pone.0227141.ref032]\], longitudinal emphysematous changes in ACO have not been reported. Our findings suggest that emphysema progresses similarly in patients with COPD and those with COPD with asthma-like features. In COPD, exposure to tobacco smoke leads to chronic airway inflammation through the activation of inflammatory cells \[[@pone.0227141.ref033]\]. Regardless of smoking cessation, chronic inflammation persists \[[@pone.0227141.ref034]\] and causes emphysema progression \[[@pone.0227141.ref021]\]. In our study, most patients were past smokers, and all had a significant smoking history. Therefore, our data indicates that emphysematous destruction may progress in both patients with COPD and those with COPD with asthma-like features due to the fact that airway inflammation persist even after smoking cessation.

Another novel finding of this study was that changes in %CSA\<5 differed between patients with COPD alone and those with asthma-like features. The %CSA\<5 is a novel CT marker for microvascular alteration, and it is negatively correlated with the extent of emphysema and airflow limitation in COPD \[[@pone.0227141.ref018]\]. However, Saruya et al. reported that the progression of emphysema and pulmonary vascular alteration do not always occur in parallel. They found that, although emphysema might progress, the %CSA\<5 might not always decrease, and the change in decrease was associated with various patient improvements, such as smoking cessation, decreased exacerbation risk, and appropriate medical treatment \[[@pone.0227141.ref024]\]. We previously reported that %CSA\<5 was higher in patients with ACO than in patients with COPD and inhaled corticosteroid (ICS)/long acting beta-agonist (LABA) treatment decreased %CSA\<5 over 3 months in the ACO patients \[[@pone.0227141.ref035]\]. Vascular endothelial growth factor (VEGF) has an important role for the pathogenesis of several lung diseases \[[@pone.0227141.ref036]\]. In COPD, VEGF and VEGF receptor 2 are decreased, which causes the destruction of alveolar walls (emphysema) and loss of pulmonary microvessels \[[@pone.0227141.ref037]\]. On the contrary, airway inflammation occurs in response to increased secretion of VEGF in asthma, which leads to abnormal vascularity and increased vessel size \[[@pone.0227141.ref038]\]. These difference in microvessels might lead to the difference in change of %CSA\<5 we observed. Regarding the response to treatment, although previous studies reported that patients with ACO have a worse clinical course than patients with COPD alone \[[@pone.0227141.ref032], [@pone.0227141.ref039]\], recent studies have found that patients with ACO have a better prognosis \[[@pone.0227141.ref008], [@pone.0227141.ref009]\]. Suzuki et al. demonstrated that appropriate treatment improved the clinical course of patients with COPD with asthma-like features due to a better response to treatment \[[@pone.0227141.ref009]\]. Furthermore, Cosio et al. found that patients with ACO had a better 1-year prognosis than patients with COPD alone \[[@pone.0227141.ref008]\]. Therefore, various patient factors may affect the changes in %CSA\<5 observed in both groups.

There was a significant decrease in WA% within patients with COPD alone, but with COPD with asthma-like features there was no significant change in WA% throughout the study period. Several transitional studies found that more airway wall thickening occurs in asthma than in COPD or controls \[[@pone.0227141.ref040], [@pone.0227141.ref041]\]. Patients with ACO had significantly greater wall thickening than those with COPD alone \[[@pone.0227141.ref025]\]. In addition, respiratory medications such as ICS and bronchodilators decreased airway wall thickening in both asthma and COPD \[[@pone.0227141.ref042], [@pone.0227141.ref043]\]. We previously demonstrated that the changes of airway wall thickness in patients with COPD alone may be associated to smoking cessation and appropriate treatment \[[@pone.0227141.ref026]\]. In this longitudinal study, the COPD patients with asthma-like features were more likely to have a severe GOLD stage at enrollment. Several previous reports also found that patients with ACO had lower FEV~1~% at enrollment \[[@pone.0227141.ref039], [@pone.0227141.ref044]\]. We propose that more severe GOLD stage and greater airway remodeling were associated with the lesser change in WA% in patients with COPD with asthma-like features.

Another reason for no significant change in WA% among patients with COPD with asthma-like features may be that they had fewer features of asthma by our criteria compared to the criteria for ACO \[[@pone.0227141.ref005]\]. In the present study, 13 patients (48%) with COPD with asthma-like features had only one or two features of asthma. However, in a large cohort study (the COPD History Assessment in Spain (CHAIN) study), the diagnostic criteria required for ACO was one major criterion (bronchodilator test \>400 mL and 15% and past medical history of asthma) or two minor criteria (blood eosinophils \> 5%, IgE \> 100 IU/mL, or two separate bronchodilator tests \> 200 mL and 12%) \[[@pone.0227141.ref008]\]. We consider that the number of asthma-like features possibly may be associated with a decrease in WA% due to response to treatment.

Although there are few randomized clinical studies to provide guidance for the treatment of ACO, treatment with ICS is recommended for patients with ACO, like as for patients with asthma \[[@pone.0227141.ref005]\]. Recently, GOLD guideline recommends the treatment containing ICS for patients with high eosinophil counts in COPD \[[@pone.0227141.ref045]\]. In this study, the rate of ICS (including ICS/LABA) use was increased during the follow-up period. About 75 percent of patients with COPD with asthma-like features used ICS and ICS/LABA 2 years later. These findings support the strategy of considering treatment with ICS in patients with COPD with asthma-like features, even if they have not been already diagnosed with ACO \[[@pone.0227141.ref008], [@pone.0227141.ref009]\].

Limitations {#sec016}
===========

Our study has several limitations. First, the study only enrolled a small number of patients and was a preliminary and exploratory investigation conducted at a single institute. Second, the observational period of two years was relatively short. Third, because of the small number of subjects we could not evaluate each CT parameter for differences in treatment, with or without ICS, rate of smoking cessation, and frequency of exacerbations. Further prospective studies with larger study populations and longer observational period are required to confirm these results.

Conclusions {#sec017}
===========

In conclusion, emphysematous regions (LAA%) increased over time in patients with COPD with and without asthma-like features. The %CSA\<5 and the WA% at the distal bronchi did not change in parallel with LAA in either group. Furthermore, the change in %CSA\<5 over time in COPD with asthma- like features was significantly different than in COPD alone. Patients with COPD with asthma-like features may have different longitudinal structural changes compared to those observed in COPD patients.

Supporting information {#sec018}
======================

###### Participant raw data.

(XLSX)

###### 
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Please change the last sentence in the Conclusions because it represents a too farfetched assumption.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I believe this is an important clue in the puzzle of COPD. This study should prompt more bigger studies to clarify the asthma COPD difference. I personally do not support the ACO but believe that patient can have both diseases in different ratios. Regards.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0227141.r002

Author response to Decision Letter 0

15 Nov 2019

RESPONSE TO EDITOR:

EVALUATION: This is an interesting topic, especially because morphological features of the chronic progressive disease was followed. But there are some things that need to be improved prior to the decision about publication.

RESPONSE: We greatly appreciate the editor's constructive comments, which have helped us to considerably improve the quality of our manuscript. We have revised our manuscript according to the editor's comments. For easy reference, we have provided the revised text in red font.

COMMENT 1: In the Methods section (MDCT) there is a need to clarify in more details how this was done:"All data were analyzed independently by two pulmonologists (RA and YM) who were blinded to all patient clinical information." How the blinding was provided? Were they blinded also for the sequence (baseline and follow up)? How was the result calculated?

RESPONSE:

We appreciate your helpful comment. The MDCT measurements were evaluated by two pulmonologists (RA and YM) independently. All information including the MDCT data were anonymized and the observers were blinded to other characteristics of the subjects when imaging analysis were performed.

We have revised the manuscript and added the following sentences in the Materials and methods section regarding MDCT measurements (Page 5).

Page 5, lines 133-135, in Materials and methods

Before:

"All data were analyzed independently by two pulmonologists (RA and YM) who were blinded to all patient clinical information."

After:

"The MDCT measurements were evaluated independently by two pulmonologists (RA and YM). All data were anonymized and the observers were blinded to other characteristics of the subjects when the imaging analyses were performed."

COMMENT 2: There is no data on sample size calculation and why this size of sample was used for this research. Please provide this! Also provide the Flowchart of the patients according to the STROBE! Please also provide the STROBE checklist!

RESPONSE: We thank the editor for these important comments. We have rechecked the STROBE checklist 1 and have added a flow chart of the study participants as Figure1 below.

We have also calculated the required sample size by JMP 13.0. The number of subjects needed for comparison of the two groups is 118 when the level of significance is 0.05, power (1-β) is 0.8, the difference is 0.1, and standard deviation is 0.2 2. However, the present study is an observational, preliminary, and exploratory study. A few previous studies on longitudinal structural changes have used these three CT parameters (LAA%, WA%, CSA%) mentioned in the present study in patients with COPD 2, 3. Tanabe et al. reported the impact of exacerbations on emphysema progression in COPD 4. They compared the change over two years in CT parameters related to emphysematous progression between the exacerbation group (n=34) vs a non-exacerbation group (n=26). In our previous study, we evaluated the change in three CT parameters in COPD (n=58) for two years 2 and described the morphological changes in the following groups: exacerbation (n=14) and non-exacerbation (n=44), and ex-smokers (n=46) and current smokers (n=12).

There are also a few studies on longitudinal structural changes using CT parameters in patients with ACO or those with COPD with asthma-like features. We have reported previously radiological findings between baseline and following budesonide/formoterol treatment in 20 patients with ACOS 3. Another report described CT parameters for emphysema and airway wall thickening between three groups: COPD group (n=118), ACOS group (n=32), and asthma with airflow limitation (n=27) 5. The present study had a small number of subjects with COPD with asthma-like features similar to these previous studies, and is therefore a preliminary and exploratory study. Accordingly, based on the sample size calculation and the advice of the statistician of our institution we consider it is better that the study is defined as a preliminary investigation. However, we would like to elucidate our findings in a further multi-center cohort study on a large number of subjects according to the editor's very helpful insights.

We have revised the manuscript in the Limitation section.

Page 13, lines 299-300, in Limitation

Before:

"First, our sample size was small because this study was conducted at a single institute."

After:

"First, the study only enrolled a small number of patients and was a preliminary and exploratory investigation conducted at a single institute"

We have also revised the manuscript and added the following text in the Materials and methods section regarding subjects (Page 3). We also added a flowchart of the patients as new Figure1 in the manuscript (Page 4).

Page 3, lines 74-81, in Materials and methods

"This prospective observational study enrolled 137 patients who presented to Chiba University Hospital from June 2010 to August 2016 for the management of COPD. Patients were excluded if they had abnormal lung parenchymal lesions other than emphysematous change. At enrollment, 10 patients were excluded for the following reasons: 4 interstitial pneumonia, 1 infectious pneumonia, 1 old pulmonary tuberculosis, and 4 lung cancer or nodules. At the follow up period, 15 patients were excluded: 6 interstitial pneumonia, 2 infectious pneumonia, 3 lung cancer or nodules, 2 cardiac failure, and 2 pleural effusion. Finally, 50 patients with COPD and 29 patients with COPD with asthma-like features were enrolled in the study (Figure 1)."

Fig 1. Flow chart of the study participants

COMMENT 3: In the Statistical analysis for the comparison of the follow up data an appropriate method of the analysis should be used -- analysis of variance for repeated measurements. Please repeat your analyses using this method and report the results.

RESPONSE: We thank the editor for this comment. In accordance with the comment, we performed a repeated measure two factorial ANOVA. There was a significant relationship between the change in %CSA\<5, and the interaction between COPD/ACO and elapsed time (P=0.003)

The present study consisted of two groups and we measured each parameter two times. In previous reports using MDCT parameters 2, 4, the longitudinal changes within each two groups measured two times were evaluated by the Wilcoxon signed-rank test. For the longitudinal changes between the two groups, the difference between baseline and follow-up in each group was compared using the Mann-Whitney U test.

We consulted regarding this point with the statistician at our institution. Finally, we decided to compare the longitudinal changes within each group in this preliminary study using the Wilcoxon signed-rank test. For longitudinal changes between the two groups, we compared differences in the changes using the Mann-Whitney U test. The results of the annual change in lung function and computed tomography parameters are shown in the new Table 3 as below.

Page 8-9, in Results

Table 3. Annual changes in CAT score, PFTs, and CT measurements: Intra- and inter-group comparisons between patients with COPD with and without asthma-like features

COPD COPD with asthma-like features P value

(between groups)

Value P value

(within group) Value P value

(within group)

CAT score -0.1 ± 3.0 NS 0.3 ± 1.8 NS NS

FEV1 (L) -0.01 ± 0.11 NS -0.02 ± 0.08 NS NS

FEV1% predicted (%) 0.010 ± 0.086 NS -0.001 ± 0.054 NS NS

LAA% (%) 0.83 ± 1.72 \< 0.0001 0.40 ± 0.53 \< 0.0001 NS

%CSA\<5 (%) 0.051 ± 0.104 0.0074 -0.035 ± 0.094 0.0148 0.0007

Mean　WA% (%)

Third -0.007 ± 0.037 NS 0.002 ± 0.027 NS NS

Fifth -0.011 ± 0.025 0.0043 -0.004 ± 0.021 NS NS

CAT score, COPD assessment test score; PFTs, pulmonary function tests; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; LAA, low-attenuation area; CSA\<5, cross-sectional area of pulmonary vessels \<5 mm2; WA%, wall area percentage; NS, not significant.

The data are expressed as mean ± standard deviation.

The difference in CAT score was calculated by subtracting the value measured after 2 years from that measured at enrollment.

The difference in FEV1 (L) was calculated by subtracting the value measured after 2 years from that measured at enrollment.

The difference in FEV1% predicted (%) and the CT parameters (%) were calculated as follows: subtraction of the value measured after 2 years from that measured at enrollment, divided by the value at enrollment.

We have revised and added the following sentences to the Results section regarding CT parameters (Page 10).

Page 10, lines 210-217, CT parameters in Results

"The annual changes in %CSA\<5 were significantly different between the two groups (COPD vs asthma-like features: 0.051 ± 0.104 vs. -0.035 ± 0.094, P=0.0007). On the other hand, the mean WA% at the distal bronchi significantly decreased in the COPD group (baseline vs two years later: 83.9 ± 3.2% vs 82.0 ± 4.6%, P = 0.0043), while the WA% in the COPD with asthma-like features group did not significantly change during the follow-up period (baseline vs two years later: 83.9 ± 3.5% vs 83.2 ± 4.0%, not significant). The annual changes in mean fifth WA% were not significantly different between the two groups (COPD vs asthma-like features: -0.011 ± 0.025 vs -0.004 ± 0.021, not significant)."

We have revised the manuscript and added the following text in the Materials and methods section regarding the statistical analysis (Page 5-6).

Page 5, lines 138-141, the statistical analysis in the Materials and methods

"JMP 13.0 software was used for all statistical analyses (SAS Institute, Cary, NC), with the results expressed as mean (± standard deviation) unless otherwise indicated. Comparison of longitudinal changes in CT parameters, PFTs, and CAT scores between enrollment and follow-up in each group was performed using the Wilcoxon signed-rank test. Comparisons were performed with a chi-square test for categorical variables. Differences in the data between the patients with COPD or COPD with asthma-like features were analyzed using the Mann-Whitney U test."

COMMENT 4: In Table 1 please express the rate of exacerbations per 1 year as this is the usual way to do it.

RESPONSE: We have revised this in accordance with the editor\'s comment (Table 1, Page 7).

Page 7, in Table 1

COPD COPD with asthma-like features P value

Exacerbations per 1 year 0.8 ± 0.5 1.6 ± 1.9 NS

COMMENT 5: In Table 2 there is variable that is not explained anywhere -- V50/V25. Please explain or remove if this is a mistake.

RESPONSE: We appreciate your helpful comment. We have revised the table in accordance with the comment (Page 8).

Page 8, lines 178-179, in abbreviations of Table 2

"V50/V25, forced expiratory flow at 50% vital capacity and forced expiratory flow at 25% vital capacity"

COMMENT 6: For Figure 1 there is no explanation on which data is represented on the box and whiskers plots! Please add this to your legend. Also it would be more appropriate if you would present the data for each variable for the comparing groups beside each other and not separately for each group. Please correct this. Also it would be better if you would present line graphs instead of box-plots.

RESPONSE: We appreciate the reviewer's helpful comment. We have revised the figure as a new Figure 2 in accordance with the comment). We have shown comparisons of the data for each variable in the groups beside each other, instead of separately using line graphs. We have also added an explanation of the CT parameters in the Figure legend in the Results section.

Fig 2. Changes in radiological parameters over two years of follow-up

Before:

After:

Page 9, line 219-223, in Results section

Notes: Radiological parameters were compared between enrollment and two-year follow-up using the Wilcoxon signed-rank test. WA% shows the mean wall area percentage at the 5th generation of bronchi.

Abbreviations: ALF, asthma-like features; LAA, low-attenuation area; CSA\<5, the cross-sectional area of pulmonary vessels \< 5 mm2; WA%, wall area percentage; NS, not significant

COMMENT 7: In Discussion section there are too many speculations about possible mechanism like: "Indeed, interleukin (IL)-6 known as inflammatory biomarker was associated with emphysema progression (LAA) as assessed by CT scans in COPD \[35\]. Our data indicates that emphysematous destruction progresses in both patients with COPD and those with COPD with asthma-like features due to persistent airway inflammation even after smoking cessation." or "We speculate that appropriate treatment, including ICS, decreases bronchial inflammation, which reduces vascular alterations near the small airways."

Please correct this because these speculations could not be based or associated with you research results.

Please add the difference in management and other patient characteristics (smoking cessation rate) to the Limitations section of the manuscript.

Please change the last sentence in the Conclusions because it represents a too farfetched assumption.

RESPONSE:

We appreciate this important comment. We have revised and added the following text in the Abstract, Discussion, and Conclusion section.

Page 1, lines 21-22, Conclusion in Abstract

Before:

"Furthermore, changes in %CSA\<5 were significantly different between patients with COPD and those with COPD with asthma-like features. Appropriate medical management may have a different effect on structural changes in COPD with and without asthma-like features."

After:

"Furthermore, changes in %CSA\<5 were significantly different between patients with COPD and those with COPD with asthma-like features. Patients with COPD with asthma-like features may have different longitudinal structural changes than those seen in COPD patients."

We revised the Discussion.

Page 11, lines 241-246, in Discussion

Before:

"Exposure to tobacco smoke leads to chronic airway inflammation through the activation of inflammatory cells \[33\]. Regardless of smoking cessation, chronic inflammation persists \[34\] and causes emphysema progression \[21\]. In our study, most patients were past smokers, and all had a significant smoking history. Indeed, interleukin (IL)-6 known as inflammatory biomarker was associated with emphysema progression (LAA) as assessed by CT scans in COPD \[35\]. Our data indicates that emphysematous destruction progresses in both patients with COPD and those with COPD with asthma-like features due to persistent airway inflammation even after smoking cessation."

After:

"In COPD, exposure to tobacco smoke leads to chronic airway inflammation through the activation of inflammatory cells \[33\]. Regardless of smoking cessation, chronic inflammation persists \[34\] and causes emphysema progression \[21\]. Therefore, our data indicates that emphysematous destruction may progress in both patients with COPD and those with COPD with asthma-like features due to the fact that airway inflammation persist even after smoking cessation."

Page 11-12, lines 261-268, in Discussion

Before:

"Moreover, appropriate treatment might reduce the %CSA\<5 in the COPD patients with asthma-like features. Although previous studies reported that patients with ACO have a worse clinical course than patients with COPD alone \[32, 40\], recent studies have found that patients with ACO have a better prognosis \[8, 9\]. Suzuki et al. demonstrated that appropriate treatment improved the clinical course of patients with COPD with asthma-like features due to a better response to treatment \[9\]. Furthermore, Cosio et al. found that patients with ACO had a better 1-year prognosis than patients with COPD alone \[8\]."

After:

"Regarding the response to treatment, although previous studies reported that patients with ACO have a worse clinical course than patients with COPD alone \[32, 39\], recent studies have found that patients with ACO have a better prognosis \[8, 9\]. Suzuki et al. demonstrated that appropriate treatment improved the clinical course of patients with COPD with asthma-like features due to a better response to treatment \[9\]. Furthermore, Cosio et al. found that patients with ACO had a better 1-year prognosis than patients with COPD alone \[8\]. Therefore, these various patient factors may affect the changes in %CSA\<5 observed in both groups."

Page 12-13, lines 294-296, in Discussion

Before:

"Optimal management including ICS reduces the airway inflammation and may provide a greater effect on patients with COPD with asthma-like features."

After:

"These findings support the strategy of considering treatment with ICS in patients with COPD with asthma-like features, even if they have not been already diagnosed with ACO \[8, 9\]."

We have also revised and added differences in management and other patient characteristics (smoking cessation rate) to the Limitations section of the manuscript.

Page 13, lines 301-304, in Limitation

"Third, because of the small number of subjects we could not evaluate each CT parameter for differences in treatment, with or without ICS, rate of smoking cessation, and frequency of exacerbations. Further prospective studies with larger study populations and longer observational period are required to confirm these results."

The Conclusion has been revised as follows.

Page 13, lines 310-312, in Conclusion

Before:

"Management strategies may have different effects on pulmonary vascularity between COPD with and without asthma-like features."

After:

"Patients with COPD with asthma-like features may have different longitudinal structural changes compared to those observed in COPD patients.

 

RESPONSE TO REVIEWER:

EVALUATION: I believe this is an important clue in the puzzle of COPD. This study should prompt more bigger studies to clarify the asthma COPD difference. I personally do not support the ACO but believe that patient can have both diseases in different ratios. Regards.

RESPONSE:

We greatly appreciate your helpful and important insights on the subjects with asthma-COPD overlap (ACO). As the reviewer has commented, the pathogenesis and physiological findings are distinct between COPD and asthma 6. Recently, ACO has been recognized in clinical practice. Although GINA/GOLD published a consensus on ACO 7, the diagnosis of ACO has not been defined definitively, and previous studies have used multiple different diagnostic criteria 8. On the other hand, some patients with COPD have asthma-like features 9, even if they have not been diagnosed with ACO. Several previous reports have described the characteristics of ACO and COPD with asthma-like features 3, 9, 10. COPD with asthma-like features might be a clinical phenotype of COPD, and identifying this phenotype is used for designing individualized treatments 9, 11, 12. We consider that larger studies on COPD, asthma, and ACO are required in the near future in order to elucidate the characteristics of each phenotype 13, 14.
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PLOS ONE

Dear Dr Naoko Kawata,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jan 09 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Davor Plavec

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Dear Authors,

your manuscript is acceptable for publication after small revisions that should be done on Figures. On Figure 1 please change the words \"abnormal chest shadows\" into something more appropriate, like \"abnormal lung parenchymal lesions other than emphysematous change\". On Figure 2, and also the markings for the median and interquartile range for each time point and group.

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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RESPONSE TO EDITOR:

EVALUATION:

Your manuscript is acceptable for publication after small revisions that should be done on Figures. On Figure 1 please change the words \"abnormal chest shadows\" into something more appropriate, like \"abnormal lung parenchymal lesions other than emphysematous change\". On Figure 2, and also the markings for the median and interquartile range for each time point and group.

RESPONSE:

We greatly appreciate the editor's constructive comments which have helped us to considerably improve the quality of our manuscript. We have revised our manuscript according to the editor's comments.

1\) We revised Figure 1 according to the editor's comment.

Fig 1. Flow chart of the study participants

2\) We also revised Figure 2 according to the editor's comment. We have added bars at which represent the median and interquartile range (Page 11).

Fig 2. Changes in radiological parameters over two years of follow-up

Page 11, lines 220-223, in Results

Before:

"Notes: Radiological parameters were compared between enrollment and two-year follow-up with the Wilcoxon signed-rank test. WA% shows the mean wall area percentage at the 5th generation of bronchi."

After:

"Notes: Radiological parameters were compared between enrollment and two-year follow-up with the Wilcoxon signed-rank test. WA% shows the mean wall area percentage at the 5th generation of bronchi. The thick horizontal bars at the sides of each graph show the median, while the thin horizontal bars at the sides of each graph show the interquartile range."

###### 

Submitted filename: Response submission(1205).docx

###### 

Click here for additional data file.
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Plavec

Davor

Academic Editor
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Davor Plavec
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Longitudinal changes in structural lung abnormalities using MDCT in chronic obstructive pulmonary disease with asthma-like features

PONE-D-19-20122R2

Dear Dr. Naoko Kawata,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Davor Plavec

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Dear Authors,

after you have made the requested changes your manuscript is acceptable in this form for publication in PLOS ONE.

Reviewers\' comments:

10.1371/journal.pone.0227141.r006
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Longitudinal changes in structural lung abnormalities using MDCT in chronic obstructive pulmonary disease with asthma-like features

Dear Dr. Kawata:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Davor Plavec

Academic Editor

PLOS ONE
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